Numerous virulent and widespread diseases are related to water. The transmission and outbreak of water-related diseases are closely coupled to their hydrological environment. Changes in this environment and the associated hydrological processes may affect the occurrence and virulence of waterrelated diseases. Environmental changes can be manifold, including e.g. climate and land use, agricultural management or urbanization. Water fluxes and storages play a dominant role in describing disease outbreak, transmission and transport. New land cover types often alter landscape scale water storages. If the effects of changes could be better understood, predictions about the distribution, emergence or outbreak of water-related diseases would be possible. Furthermore, the collaboration of experts from different disciplines is essential for accurate spatial and temporal prediction of water-related disease outbreaks. Here we review the current state of knowledge of waterrelated diseases and present a general classification of these diseases, followed by a discussion of their major drivers. This review focuses particularly on hydrologists and how they can contribute with their understanding of hydrological processes.
malaria worldwide in 2015 [1] and an estimated 218 million people required preventive treatment for schistosomiasis in 2015 [2] . Infectious diseases and their outbreaks are driven and otherwise affected by water through the impact of water on various developmental stages and habitats of hosts, vectors and pathogens. This impact occurs through two primary means: 1) the natural hydrological cycle including patterns and timing of rainfall, and 2) ecosystem changes that have arisen from human alterations of the environment. In general, the understanding of the role of water as a driver for pathogen location, survival, and transmission is crucial for the management and alleviation of the effects of infectious diseases on humans.
Research on individual drivers, components and processes within systems is necessary to define the direct effects as well as the feedback loops that exist between humans, developed landscapes (e.g. urban areas, agricultural land) and natural systems. These aspects become particularly important in the face of two major contemporary drivers of disease transmission and outbreak: increasing population and global climate change. The former places particular stress on water systems through the increasing need for water. The ratio of water use to available supply has grown by 20% per decade since 1960 [3] . Global climate change can affect water systems in ways that have the potential for significant consequences on human health and well-being. According to the 5th Assessment Report by the IPCC the average temperatures will increase, the global average sea level will rise and extremes in the hydrological cycle will grow [4] .
In this discussion paper, we address some basic aspects for hydrologists to contribute to a better understanding of the interactions between hydrology and infectious agents and pathogens. While disease outbreaks and transmissions are clearly more related to epidemiology, hydrological conditions, processes and fluxes are direct and indirect drivers for hosts and vectors. If we want to improve our understanding of the role that hydrology and the hydrologic cycle play in determining the prevalence and spread of infectious diseases, particularly with regard to expected changes in global climate, there are several topics that deserve further research. In general, models should aim at linking host-vector interactions of the water-related disease with the environmental conditions, i.e. the direct drivers that are associated with hydrology. We will first classify waterrelated diseases with regard to their transmission routes and discuss the current state of some of the most important water-related diseases which are reliant on water-related vectors or intermediate hosts. We then present the major drivers of water-related diseases and show, finally, where hydrological science can contribute to a better understanding of disease transmission and outbreaks.
Infectious Diseases Related to Water
The number of water-related diseases is numerous, and there is no consensus on how to exactly define which diseases should be classified as water-related diseases and which not. The WHO lists 25 diseases which they classify as "water-related", and provide information sheets for each [5] . A helpful classification system presented by the National Academy of Sciences (U.S.) (NAS) divides water-related diseases into five categories based on their transmission route: diseases caused by poor sanitation, those that are waterborne, water-washed, waterbased, and those that rely on water-related insect vectors [6] .
The first three disease groups can be controlled through appropriate access to adequate and clean drinking water, as well as to proper sanitation facilities that eliminate fecal and urinary contamination of water resources and soils. Despite major achievements since 1990 even today more than 2.5 billion people lack access to improved sanitation and 0.768 billion people do not have access to safe drinking water [7] . While improvements remain a challenge for most developing countries, it is not primarily a question of scientific research: sufficient amounts of water along with education about safe food and personal hygiene could significantly reduce the incidence and impact of these diseases. Half of the urban population in Africa, Asia, Latin America, and the Caribbean still suffer from one or more diseases due to lack of clean water and insufficient sanitation conditions [3] . About 1.7 million people die annually worldwide as a result of inadequate water supplies, poor sanitation, and hygiene [3] .
In contrast, the last two disease groups involve more complex transmission patterns and intrinsic interactions of vectors, hosts and pathogens at various spatial (from local scale to landscapes) and temporal scales. These disease groups are the focus of this review. Therefore, in the following they are discussed in more detail.
Diseases Caused by Poor Sanitation
These diseases result directly from the lack of adequate sanitation [6] [8] [9] .
Examples for pathogens which spread through poor sanitation are whipworms, whose eggs may persist on food grown in contaminated soil (transmitted by a fecal-oral route), and hookworms, which spread from contaminated soil directly through the soles of the feet [10] . An increasingly important transmission route for these kinds of diseases is also related to the reuse of wastewater in irrigation agriculture to save water resources (e.g. groundwater) [11] [12].
Waterborne Diseases
Waterborne diseases are spread via the fecal-oral transmission route through the ingestion of contaminated water or food that was in contact with contaminated water [6] . Some of the best-known and most widespread diseases are waterborne. Cholera and typhoid are caused by bacteria, cryptosporidiosis and giardiasis are caused by protozoans, and hepatitis A and E are caused by viruses.
Water-Washed Diseases
Water-washed diseases do not rely on a fecal-oral route but are spread personto-person. They can be controlled through adequate water supplies that permit sufficient personal hygiene [6] . Examples of these include trachoma, a bacterial infection of the eyes, and scabies [13] , a parasitic skin infection.
Water-Based Diseases
Water-based diseases (Table 1) are spread through aquatic organisms and, thus, are intimately tied to hydrologic cycles [6] . Populations of vectors or hosts can be affected by natural changes in water conditions as well as by human-induced changes to water systems.
Schistosomiasis
Schistosomiasis is caused by different Schistosoma species, of which S. mansoni (endemic in Africa and South America), S. japonicum (endemic in China, Indonesia and the Philippines) and S. haematobium (endemic in Africa and the Middle East) are the most important [14] [15] . While S. mansoni and S. japonicum cause intestinal schistosomiasis, the species S. haematobium causes urogenital schistosomiasis. 193 million people were infected with schistosomiasis in the mid-1990s [16] , while [17] estimates that 207 million people were infected in 2003. The lifecycle of the human pathogen schistosomes requires a human host and different types of fresh water snails (Table 2 ) as intermediate host [18] . Skin or mucous membrane contact with contaminated water infects humans. The cercaria (larva stage of schistosomes), which are contained in the water, penetrate the human skin. In the end, Schistosoma eggs pass again into the water via stool or urine of the infected humans [14] . Table 2 shows biological characteristics and the preferred habitats of the different host snails. Potential biological snail control measures include the removal of aquatic plants, or the protection of the snails' natural predators [19] [20] . The availability of clean water and improved sanitation is also important for the control of the disease [16] [21] . It is possible to reduce the prevalence of schistosomiasis with control programs but in some regions, primarily in Africa, where control programs were undertaken and/or irrigation projects were introduced, schistosomiasis remains a problem [16] . Regarding potential treatment of schistosomiasis, the anthelmintic praziquantel, which has been available since 1988, is widely used [18] . 
Dracunculiasis
Dracunculiasis is caused by the guinea worm (Dracunculus medinensis), which needs water fleas as intermediate host [22] . People get infected by drinking water with infested water fleas (Cyclops species). When the infected part of the body gets into contact with water the worm larvae are released [18] . From almost a million incident cases in the middle of the 1980s, incidence dropped to below 2000 cases in the year 2009 [23] . The methods of elimination of dracunculiasis, which have been applied since 1982, include the provision of safe drinking water, the filtering of drinking water, and the treatment of water with Abate (which will kill Cyclops and is, therefore, an effective measure to prevent transmission) [22] . The case of dracunculiasis is an example of the success of a communitybased prevention and health education program that has contributed to the near eradication of this disease [25] . A good precondition for the eradication of the disease is that humans are the only known reservoir [18] .
Water-Related Insect Vector Diseases
Also strongly affected by human alterations, as well as natural fluctuations, are diseases spread through water-related insect vectors (Table 3) . These are diseases transmitted by insects who breed in, or whose lifecycles are tied to, particular water characteristics (Table 4) [6].
Malaria
Malaria is caused by different Plasmodium species which are transmitted between humans through Anopheles mosquitoes (Table 4 ). There are around sixty known species of Anopheles mosquitoes which are malaria vectors [27] . Most vectors breed in stagnant or slow flowing water [28] . There were approximately Table 4 . Association between selected mosquito vectors, their habitat, and the principal disease they transmit, based on [26] with additions compiled from [32] 
Dengue
Dengue is a viral disease transmitted by Aedes mosquitoes (Table 4 ) (for example by A. aegypti and A. albopictus) [15] . It is endemic in tropical and subtropical regions. About one million confirmed cases of dengue are annually reported to the WHO [15] . The spread of the disease is increasing because of the advancing distribution of the mosquito vectors [15] . Factors like open water storage increase Aedes population densities and the transmission of Aedes-borne diseases like dengue, especially in urban areas [15] . Outbreak of the disease is tied to seasonal patterns such as heavy rain and humidity [36] . Dengue control measures include environmental management and mosquito control with insecticides [15] .
Zika Virus
The Zika virus is a viral disease transmitted by Aedes mosquitos (especially A. aegypti) ( Table 4 ). The natural transmission cycle involves mainly Aedes mos-quitoes and monkeys while humans become infected only coincidentally [37] . 
Japanese Encephalitis
The virus of the Japanese encephalitis exists in a zoonotic transmission cycle primarily between mosquitoes, pigs, and/or water birds [40] . Humans become infected only coincidentally when bitten by an infected mosquito. Japanese encephalitis is spread in most parts of Asia and Oceania, and with at least 30,000 -50,000 cases developing each year [40] . It is mostly a rural disease caused by Culex tritaeniorhynchus mosquitoes (main vector), which breed in rice paddies (Table 4 ). The increasing amount of rice paddies and irrigation support the transmission of Japanese encephalitis [41] . Mosquito control, with environmental management like intermittent irrigation, is used to reduce breeding sites.
Avoiding human exposure and immunization of humans are further interventions which work against the transmission of the disease [40] .
West Nile Virus
Culex species mosquitoes are the primary vectors of the West Nile virus (Table   4) , which exists naturally in a mosquito-bird-mosquito transmission cycle [32] .
Like other mammals, humans are only an incidental host. The virus is endemic in Africa, Asia, and Europe [42] but also occurs in North America (the first outbreak was in 1999 in New York City) [43] . Control interventions of the West Nile virus include the elimination of mosquito breeding sites (for example, by removal of standing water where mosquitoes are likely to breed), the use of larvicides and adulticides to reduce the mosquito populations, and protection against bites [44] [45].
Yellow Fever
Yellow fever is a zoonotic viral disease transmitted by mosquitoes ( Table 4) 
Chikungunya Fever
Chikungunya fever is a viral disease which is transmitted by Aedes mosquitoes ( [49] as a result of the expansion of A. albopictus [50] . Chikungunya outbreaks are now also reported in the Caribbean (see recent travel notices by the Centers for Disease Control and Prevention, http://www.cdc.gov/).
Rift Valley Fever
Rift Valley fever is also a viral disease [51] . It is transmitted mostly between ruminants by the bites of mosquitoes of various genera (Table 4) , for example Aedes, Culex and Anopheles [34] , but humans can also be infected [52] . 
Onchocerciasis
Onchocerciasis (river blindness) is caused by Onchocerca volvulus, which lives exclusively in humans [54] , and is transmitted by the bites of blackflies of the genus Simulium [55] ( Table 4 ). The disease is prevalent in Africa and America [54] .
The blackflies breed in and live around fast-flowing rivers [55] (Table 4) . Therefore, generally only people living in and around these areas are at risk of infection. Recently, there has been a rapid decrease in Onchocerciasis cases as a result of large public health campaigns [54] . Prevention of the disease is accomplished through vector control measures and large-scale ivermectin treatment [56] [57].
Lymphatic Filariasis
Lymphatic filariasis is caused by Wuchereria bancrofti, Brugia malayi, and Brugia timori, which live predominantly in humans [15] . The disease is transmitted by different biting mosquito species (Table 4) , especially by Culex and Anopheles species [58] . More than half of the global lymphatic filariasis burden is transmitted by the mosquito species Culex quinquefasciatus [58] . In contrast to the Anopheles mosquitoes, which breed mostly in clean water [28] , this species breeds in polluted water [58] . The breeding of Culex quinquefasciatus can be minimized partly by simple sanitation improvements [58] . In locations where malaria and lymphatic filariasis are co-endemic, Anopheles-control measures are likely to have more influence on lymphatic filariasis transmission. In this way, lymphatic filariasis can be eliminated as a secondary effect of malaria-vector control [58] .
Drivers of Water-Related Infectious Diseases
Drivers are natural or human-introduced factors which influence the environment in ways that affect the distribution and occurrence of water-related diseases ( Figure 1 ). We have already mentioned some factors which influence the occurrence of different water-related diseases. However, [3] further distinguishes between indirect and direct drivers. "A direct driver unequivocally influences ecosystem processes. An indirect driver operates more diffusely, by altering one or more direct drivers" [3] . In line with [3] indirect drivers are: demography, economy (e.g. globalization, trade, market, and policy framework), socio-politics (e.g. governance, institutional and legal frameworks), science and technology, culture and religion (e.g. beliefs, consumption choice). Direct drivers of change are: changes in local land use and land cover, species introduction or removal, technology adaptation and use, external inputs (e.g. fertilizer use, pest control, and irrigation), harvest and resource consumption, climate change, and finally natural, physical, and biological drivers.
[59] identify and rank ten main categories of drivers associated with emergence and re-emergence of human pathogens. Changes in land use or agricultural practices are ranked first-these are drivers that are very often associated with changes in water storage (reservoirs and dams for irrigation purposes, energy production or drinking water supply) and water flux patterns (changes in evapotranspiration and infiltration rates with effects on soil moisture storage).
[60] lists potential drivers of the emergence and re-emergence of pathogens particularly related to water, with the drivers classified into four categories, i.e. new environments, changes in human behavior and vulnerability, new technologies and scientific advances. We extracted the most relevant for emerging and re-emerging pathogens in Figure 1 .
In this context drivers that are most important for hydrologists are those that change hydrological conditions in such a way that water-related diseases occur and increase. In the following we discuss the relevance of four drivers of the 1 st and 2 nd categories ( Figure 1 ) for hydrological research.
Land Use and Management Change
Agricultural expansion currently occurs mainly in the tropics [61] . Cleared land and new land use may form a new basis for stagnant waters (especially through erosion) which are potential breeding sites for mosquitoes [62] . Deforestation with coupled changes in land use can, for example, lead to an increase in malaria [63] . However, further, more complex, observations have been made regarding vector mosquitoes in forested sites in North Sarawak which have been cleared for palm oil production. While the risk of malaria transmission was significantly reduced by 90%, prevalence of dengue vectors increased [64] . In general, there are other mosquito transmitted diseases ( Table 4 ) that are also likely to increase due to agricultural expansion.
Changes in agriculture practices in combination with an increasing population and climate change (both are also further direct drivers which are described below) are very important. Increased need for food, feed, fuel and fiber in the future will not be only met by agricultural expansion but first of all by an intensification of land use, often through extending irrigation areas, the application of fertilizers, the use of biocides and further mechanization [61] . From a hydrological perspective, irrigation agriculture is most relevant. Extended irrigation is needed in many regions of the world e.g. in Africa irrigation equipped areas are rare [65] [66] [67] [68] . In Africa, farmers have to be encouraged to use irrigation systems and raise cropping intensity [67] . Therefore, agricultural water management needs specific attention in Africa [68] . Furthermore, [67] shows that 46% of cultivated areas in the world are not suitable for rainfed agriculture because of climate change and other meteorological conditions. Valipour [66] [ 
Water Resource Development Projects
Development projects to improve or enhance water resources, such as dams and irrigation systems, are recognized as significant drivers of disease transmission.
Several studies note that dams and irrigation schemes have led to the spread and occurrence of schistosomiasis and Japanese encephalitis [16] 
Climate Change
The major effects of climate change (as a direct driver) will be rising temperature, a rise in the global average sea level, and more extremes in the hydrological cycle [4] . In [75] [80] [81] . [82] estimates that global warming may increase the presence of trematodes and [83] predict that schistosomiasis will spread into currently nonendemic areas in the north of China. In regions with low temperature level or current lack of vector habitats climatic changes may in general trigger epidemics [84] .
Pathogens which are directly transmitted via water will be affected by climate change through the increasing temperature and shifts in the demand for and availability of adequate water resources. For example, climate change may cause an increase in cholera bacteria through rising water temperatures [78] [85] as well as boosts in cyanobacterial blooms [76] . Outbreaks of diarrheal diseases maybe facilitated by extreme events like heavy rainfall and flooding [78] [86].
The number of food and water-borne disease cases increases with temperatures above 19.2˚C [87] .
Demographic Changes and Urbanization
The rapid urbanization and the population growth of the most recent decades has resulted in a lack of safe drinking water and adequate sewage systems [3] [84] [88] . Through the ingestion of or contact with contaminated water there is an increasing risk of water-related diseases especially for water based and waterborne diseases, particularly in low to middle income countries and rapidly growing economics such as China [24] [89] (note that the situation is however somewhat different in high income countries). Here, the risks to public health are more likely to come from infrastructure failure as a result of lack of investment in aging infrastructure [90] . Cholera infection rates, for example, are significantly higher in areas with poor sanitation [85] . There is also an increase in vector-borne diseases through uncontrolled urbanization [15] [29] [40] [88]
[91]. Furthermore, urban planning often fails to account for potential public health challenges and therefore promotes disease outbreak, as was shown for dengue in Malaysia [92] . The lack of available water resources increases local efforts to set up small water storages, e.g. through rain water harvesting. Manmade containers or structures, such as rain water containing tires [40] [91] or (fish) ponds, provide ideal larvae habitats for mosquitoes. This impact fosters
Aedes population densities and the transmission of Aedes-borne diseases [15] , opening up potential transportation corridors for disease transmission. Increasing population and urbanization also indirectly affect other direct drivers of water-related diseases, especially changes in land use, agriculture practices and development projects,through the increasing need for water, food and human settlements.
Drivers That Require Further Research
If we want to improve our understanding of the role that hydrology and the hydrologic cycle play in determining the prevalence and spread of infectious diseases, particularly with regard to expected changes in global climate, there are several topics that require further research.
Development projects such as the installation of irrigation systems or the building of dams alter the hydrologic environment and may provide suitable habitats for malaria and lymphatic filariasis vectors [93] . The correlation between extreme hydrologic events and the occurrence of water-related diseases is a further important topic, especially with regard to climate change. Increasing precipitation with more frequent flooding and runoff events may carry pathogens into new areas and drinking water aquifers. On the one hand, in the U.S., [94] find a significant correlation between extreme precipitation events and waterborne disease outbreaks. [95] reports that enteroviruses are significantly associated with precipitation and discharge events as well and that these factors are essential in the modeling of water quality impairment. On the other hand, they found no relation between enteric protozoa and seasonal patterns. In contrast to [95] , [96] report that the concentrations of enteric protozoa also increase significantly during heavy precipitation and runoff events in Germany. Discharge and bacteria concentration are not necessarily correlated because higher discharge volumes support bacterial transport, but also dilute contaminated water [97] .
Finally, the goal of any disease-related research-whether the focus is on medical, social, or environmental drivers-is the reduction of the impact on humans and animals. If the drivers ( Figure 1 ) and their effects on the environment could be fully understood, predictions on emergences or outbreaks of dis-eases related to hydrologic factors would be possible. Through predictions and analysis of current risk areas, limited resources could be better targeted for the control or mitigation of the effects of those diseases.
Predictions of Water-Related Disease Outbreaks
Different issues must be captured to facilitate spatio-temporal projections of water-related disease outbreaks. We have therefore outlined a conceptual model (Figure 2 ) that includes the required process understanding needed to consider the ecology of pathogens, their vectors and hosts as well as the internal interaction and the interaction with the environment. On catchment scale, spatially distributed water fluxes and storages play a dominant role in describing disease outbreak, transmission, and transport. New land cover types often severely alter landscape scale water storages (e.g. change of soil moisture conditions, ponding areas, addition of large reservoirs, creation of irrigation structures). Therefore, to address these different processes, they need to be captured in the model set up.
Only if a comprehensive understanding of the abiotic and biotic interactions is included, models will be able to project disease outbreak for future conditions, e.g. under climate or land use change.
There are general aspects such as the understanding of the pathogen, vector, and host ecology, as well as interactions with the environmental conditions such as climate, landscape structure and land use or management, including irrigation systems [98] [99] . For hydrologists, the temporal and spatial patterns of occurrence of pathogens and vectors related to hydrological conditions and storages (e.g. ponding water, reservoirs) are of special relevance [98] [100]. According to [101] , time series models are appropriate tools for forecasting monthly rainfall in semi-arid climates. In general, models should aim at linking host-vector interactions of the water-related disease with the environmental conditions, i.e. the direct drivers that are associated with hydrology, and thereby follow the conceptual model outlined in Figure 2 .
Applications of hydrologic models to understanding such dynamics include, for example, studies on the relations between the availability of mosquito breeding sites, seasonal outbreaks of mosquito populations, and mosquito-borne diseases. The relation between soil surface wetting and drying and seasonal outbreaks of mosquito populations and mosquito-borne diseases has been studied in the U.S. [99] [102] [103] and in Africa [104] . [105] develop a coupled hydrological and entomological model for Africa which simulates breeding pool formations and vector persistence.
[106] established a model of schistosomiasis transport in China, and [107] modeled snail dispersal in an endemic schistosomiasis region in Kenya, particularly following rainfall events. Valuable general suggestions for schistosomiasis modeling result from the approaches of [106] and [108] . [106] estimates transit times between specific locations of pathogens via two infectious stages of the parasite. He notes that the use of a mechanistic fate-of-pathogen model permits better extrapolation of results to other areas. [108] suggest that in any analyses of risk factors for schistosomiasis, the contact with water and the simultaneous existence of cercaria in the water should be considered. These types of studies are helpful in predicting outbreaks of diseases based on the properties of current and future local environments. In particular, understanding the connections between natural snail habitats and schistosomiasis is crucial in modelling the effects of large-scale water infrastructure projects, such as dam construction, on the disease.
Outbreaks of cholera are more easily predictable than vector-related disease outbreaks, as these depend on many more environmental factors e.g. interactions of vector and hosts [85] . Water temperature, pH, and salinity are inter alia factors which influence the distribution of the cholera bacteria (Vibrio cholerae) [85] [109]. E.g., cholera outbreaks are modeled by [100] , which includes the role of the river network in transporting Vibrio cholerae. Main processes which influence the bacteria diffusion are rainfall and flood events, temporal fluctuations of the water volume, hydrodynamic dispersion and the associated transport, the ratio of plankton and cholera bacteria, and finally, the mobility of the human population [100] [109]- [116] . [111] show that cholera outbreaks can be predicted two or three months in advance using satellite-derived chlorophyll and air temperature data in the Bengal Delta.
Further research is needed with respect to the development of predictive models. Spatial epidemiology is an important research topic and is essential for prediction of water-related disease outbreaks, especially for diseases which rely on water-related vectors or intermediate hosts. The impact of landscape structure on epidemiological processes has been typically neglected, but if biotic and abiotic prerequisites for diseases could be mapped, current and future disease outbreaks could be determined more accurately with regard to their spatial occurrence and timing [98] . More research is necessary to distinguish ecosystem mapping units clearly with respect to terrain, topography and hydrology [117] .
Special emphasis should be given to identify, map, simulate and project the key drivers of water-related diseases ( Figure 1 and Figure 2 ). In particular, we suggest putting more work into the linking of different research disciplines to achieve this goal, such as remote sensing, ecosystem and hydrological modeling, ecology, environmental statistics, and human and veterinary medicine.
Following [99] and [107] , the coincidence of infectious diseases and events in the hydrologic cycle is a central issue for hydrologists in the combat of water-related diseases [108] . The model of [99] can be adapted to different regions through user input of parameters such as topography, vegetation and soil data.
As stated by [99] , additional factors like host immunity, pathogen ecology, and host-vector-pathogen interactions also have to be considered. [118] suggest that models of the ecology of V. cholerae have to be integrated with a model of spatial spreading within the environment and within the human host. Others have pointed out that network connectivity models, which describe the interplay between hydrology, epidemiology, and social behavior sustaining human mobility, are important for the management of waterborne infections [119] . Human mobility was further identified as an important trigger of waterborne disease outbreaks [113] . [108] recommend that, for proper prediction of water-related diseases, it is indispensable to couple a hydrologic model with an infectious disease model. For example, [120] connected their hydrological driven mosquito population model with an epidemiologic model. [108] emphasize the huge complexity in coupling disease dynamics, hydrological processes, and vector ecology determining factors.
To model pathogen and vector development it is necessary to identify the impacts of changes in the environment and/or the impacts of the occurrence of extreme hydrologic events. Identifying the drivers which cause relevant changes in the environment is also essential for prediction of future changes in the occurrence of diseases [98] [99] [121] . At this point, it is important that hydrologists, epidemiologists, and ecologists work together to achieve accurate predictions of emergences and outbreaks of diseases [98] . Finally, for the validation of models, it is essential to establish a database of monitoring data of vectors, pathogens, and disease occurrence over time.
Conclusion
To summarize, there are numerous diseases caused by pathogens which require water-related vectors or intermediate hosts, as well as diseases caused by pathogens directly transmitted via water. Studies on the dependency of these diseases on hydrologic processes are of high relevance for improved disease prediction in the future. As discussed in this paper, further research is needed to develop more detailed prediction models for water-related diseases, especially for the vectorand host-related diseases. Prediction models are valuable in devising adequate measures to prevent or mitigate the outbreak of a water-related disease. Hydrologic conditions and changes in these systems are of high interest for the distribution of water-related diseases [116] . Intensified collaboration between experts from different disciplines, like ecologists, hydrologists and epidemiologists, is essential for accurate prediction of water-related disease outbreaks in the future [98] . If the drivers and their effects on the environment are fully understood, predictions on emergences or outbreaks of diseases related to hydrologic factors will be possible.
